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ABSTRACT 

This report describes validation of the radiological source terms in the Nuclear Facility Accident (NFAC) 

module of the Defense Threat Reduction Agency (DTRA)’s Hazard Prediction and Assessment Capability 

(HPAC) software.  The validation will be conducted by comparing the source terms defined in HPAC to 

published data from references approved by the U. S. Nuclear Regulatory Commission (NRC).  

Comparisons will be done for both pressurized water reactors (PWRs) and boiling water reactors (BWRs).  

This comparison includes the magnitude, isotopic composition, and timing of the release fractions over the 

course of a severe or moderate accident.  Calculations for both facility-specific nuclear power plants and 

for more generic reactor categories are involved.  It is shown that the NFAC radiological source terms in 

HPAC agree well with NRC standards for moderate and severe accidents at PWRs and BWRs. 

 

1. INTRODUCTION 

The purpose of this report is to validate the source terms generated by HPAC’s NFAC module for PWRs 

and BWRs against published NRC information.  Magnitudes and timings for isotopic releases in severe and 

moderate accidents are defined in NFAC by the files acspwr.dat and acmpwr.dat (for PWRs) or acsbwr.dat 

and acmbwr.dat (for BWRs).  The text of these files is presented in Figures 1-4.  In order to understand 

these files, one also needs to know how the isotopes are organized into groups associated with the NRC’s 

MELCOR (Methods for Estimation of Leakages and Consequences of Release) code, as shown in Figure 

5.  There are a total of 13 MELCOR groups including #1 (Noble Gases), #2 (Alkali Metals), and #4 

(Halogens). 

 

Each accident definition file consists of a series of releases and timings broken down by MELCOR group.  

The first column shows release percentages for MELCOR group #1 (the Noble Gases), the second column 

shows releases for MELCOR group #2 (the Alkali Metals), etc.  The last column gives the duration of each 

release increment in minutes.  As an example, for PWR severe accident file acspwr.dat in Figure 1, the first 

release line with all zeros and a duration of 150 min indicates a 150-minute delay before any releases begin.  

The next line shows that 8% of MELCOR group #1 (Noble Gases), none of MELCOR group #2 (Alkali 

Metals), and 2% of MELCOR group #4 (Halogens) plus minor amounts from Groups 3, 6, 8 and 9, are 

released over the next 60 minutes.  The total PWR severe accident release from the file in Figure 1 includes 

three more such release increments. 
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Figure 1. File acspwr.dat which defines the isotopic release fractions for a PWR severe accident in NFAC. 

 

 

 

Figure 2. File acmpwr.dat which defines the isotopic release fractions for a PWR moderate accident in NFAC. 
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Figure 3. File acsbwr.dat which defines the isotopic release fractions for a BWR severe accident in NFAC. 

 

 

 

Figure 4. File acmbwr.dat which defines the isotopic release fractions for a BWR moderate accident in NFAC. 
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Figure 5. Definitions and isotopic compositions for the MELCOR groups in NFAC.
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2. RESULTS 

The moderate and severe PWR release files will be validated against accident calculations from the NRC-

approved Individual Plant Examination (IPE) for Calvert Cliffs Nuclear Power Plant [1].  The NFAC 

PWR severe accident release file (Figure 1) is compared against calculated releases from a small-break 

Loss of Coolant Accident (LOCA) with early containment failure at Calvert Cliffs, as shown in Figure 6.  

In Figure 6, the initial 150-minute delay prior to the start of NFAC releases defined in Figure 1 is clearly 

evident.  After this initial delay, the NRC curves rise to release about 8% Noble Gases and 2% Halogens 

over the next 1-hour interval, as is also represented in the NFAC file from Figure 1.  The final NFAC 

total releases of 97% Noble Gases and 19% Halogens are very close to the asymptotic limits from Figure 

6.  Release fractions for the other MELCOR groups are also consistent. 

 

Similarly, the NFAC PWR moderate accident file (Figure 2) can be compared to the Calvert Cliffs IPE 

plot for a LOCA with late containment failure, as seen in Figure 7.  Here there is a delay of about three 

hours (186 min) before releases begin.  The release consists almost entirely of Noble Gases with an 

asymptotic fraction of about 20% total release.  Thus the PWR moderate accident source terms are quite 

consistent with published NRC-approved data from the Calvert Cliffs IPE. 

 

The BWR moderate and severe NFAC release files will be validated against NRC-sponsored MELCOR 

calculations for a station blackout at the Grand Gulf Nuclear Power Plant that were published in an 

ORNL report [2].  Figure 8 shows Table ES.5 taken from this report that gives the best-estimate release 

fractions and timing of a severe accident.  It is important to note that times in Figure 8 are measured from 

containment failure and do not include the initial 2580 min delay interval with no releases present in the 

NFAC file (Figure 3).  The initial delay is followed by release of 63.7% of the Noble Gases, 1% for 

Alkalis, and 1.35% for the Halogens in the severe BWR release.  All of these numbers for the severe 

BWR release match between NFAC and the NRC-sponsored MELCOR calculations.  The moderate 

BWR accident in NFAC (Figure 4) does not involve containment failure, so that releases are two orders 

of magnitude smaller and consist almost entirely of volatile isotopes like the Noble Gases and Halogens.  

This moderate release scenario is also consistent with NRC-sponsored MELCOR calculations performed 

by ORNL. 

 

The NFAC release files for PWRs and BWRs can also be verified against some more general NRC 

release estimates from the NUREG-1465 report [3].  Figure 9, which shows Table 3.13 from NUREG-

1465, details the magnitude and timing of releases expected from a generic PWR severe accident.  As 

usual, the release fractions are organized by MELCOR groups.  The release is expected to take place in 

four distinct phases:  gap release, early in-vessel, ex-vessel, and late in-vessel.  Time intervals 

corresponding to these phases for a PWR are 30 minutes, 1.5 hours, 2 hours, and 10 hours, respectively.  

The initial gap release phase involves only cladding failure but no fuel melting, so that only volatile 

fission products trapped in the fuel-cladding gap are released.  The early in-vessel and ex-vessel phases 

involve actual fuel melting and constitute the bulk of the releases over the next 3.5 hours.  This NRC 

release fraction distribution and timing is very consistent with the NFAC PWR severe accident release 

file from Figure 1. 

 

For BWR severe accidents, the generic NRC accident releases are presented in Figure 10, which 

reproduces Table 3.12 in the NUREG-1465 report [3].  Most of the release fractions in Figure 10 are very 

similar to the generic PWR severe accident numbers.  However, the timing for some parts of the accident 

sequence is slightly different:  gap release (30 minutes), early in-vessel (1.3 hours), ex-vessel (3 hours), 

and late in-vessel (10 hours).  Again, the magnitudes, timing, and number of phases in the NRC BWR 

severe accident releases fit well with the NFAC severe BWR release file (found in Figure 3). 
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Figure 6. Release fractions and timing for a small LOCA with early containment failure from the Calvert Cliffs IPE report. 
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Figure 7. Release fractions and timing for a LOCA with late containment failure from the Calvert Cliffs IPE report. 
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Figure 8. Release fractions and timing for a severe accident at Grand Gulf, from an NRC-

sponsored ORNL report. 
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Figure 9. Release fractions and timing from a generic PWR severe accident, from NRC NUREG-

1465. 

 

 

 

 
Figure 10. Release fractions and timing from a generic BWR severe accident, from NRC NUREG-

1465. 

  



 

10 

3. CONCLUSIONS 

The PWR and BWR source terms used by the NFAC module in HPAC have thus been validated against 

published NRC-approved results from a number of sources.  This comparison has included the magnitude 

and composition of the isotopic release fractions as well as their timing over the course of a severe or 

moderate accident.  Both calculations for facility-specific nuclear power plants and for more generic 

reactor categories were involved.  It is clear that the NFAC radiological source terms in HPAC are well in 

line with NRC standards for moderate and severe accidents at PWRs and BWRs. 
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